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^^'Jd ^]-%-^ -^^lE. {Method for measurement of bone mineral 

density using X-ray image} 

£. 2a ^ ^ tc|-^ <^1-§-^ 1J-^<^1 tfl^ "a-^A].^] 

H 2b ^ ^ ^^ofl i4€- '^^a- cfltt <a^^i<^i 

S. 3 ^ ^ nj-E- '^g^^ -a.^(calibration)^>7l ^s^><^ ^>-§-i]^ 

^Ti]-^ ^^^^1^1 (step-wedge)^ <a<^l^lS.. 

£ 6a ^ ^ ^'^oil i4€- ^i^^fl^l* A>-g-S>o^ n;^^ o3}>i>{H <:g>a- ^ -SL# ^^3£ 
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i£ 6b ^ ^ ^'^<^| 4^ ^^'^g^^ ^ J ^]^^^ '^'^I^IS.. 

£ 7a ^ :£ 6a ^ / ii^o]z]]^ ^^s^'^^ ^<^l^l£. 

£ 7b S. 7a ^ -S-^ *^^<^'*-i ^^S^oil «-^ziel-^:E. ^]7]^ n 

11 : ^^1 12 : ^ 7l^^^l 

13 : 7l^^^l 14 : t3>o]3S. 

#^«^>7l ^tb ^7l iJ-ig* -€^^1^171 7] 

<16> ^4-§-#€r m^^] ^^S. ^ cflS]:^ -^o^ 
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^-^ ^^^}^ ^^91 ^Bflojcf. ^w}:^ o.^ A>^^ 
^^7> o]^ji o;(c]-. ZLeiM-, # ^5^^ 71^0] ^-1^>5)^ oll^iES^o^ 
^t3l7> ^3rl-£l<H # 71^0] ^^^5\^ ^^7] o]:^^ c^^§^ ^£ 
71- ^cV. ^ai^ #%=^ ^^^1?}^ ^cl-. n^- 

^^^^^ ^^^S«oM^ 2:7l^l^7> ^3^:y.t:f ^^^t^. oil- 'g'S-^-^^ 

<i7> ^A^^oi iJ-^o.^^ A>ia(Saville) ^1^5+ ^1 (Singh) ^1^7> Siirf. 

^>^(Saville) ^]^^ 4HSingh) ^1^^ z^-z]- ^^^^i ^ cflsja. 

c^^^o]] #db:^ ^21-1- o]^^>c:^ ^^^^}^ ''^'^<=>]^. H^]^ , ^1 

^>^>^ ^€^*>7l t4|^6ii ^s.;^>;?> ^^>7> ^Ji. *^^H1 Sit!" ^fl€ 

<18> ^^^^-il -^^S ^J-'^^S^ QCTCQuantitative Computed Tomography), 

DEXACDual Energy X-ray Absorptiometry), 3^^^- ^"US. :^]^7] ^o] cj^t\-, 

<19> QCT^ iffl|sl 3^>-^ c^^^ ^ ^c^'H, 2]^#(cortical bone)4 «fl^# 
(trabecular bone)^ #^3£* ^fils:^ ^1^^ <=>He1-. 

^Jl «^A>Ai ^A>^ol ^>,Ai ^<^s1 bHI '^l^^l "^^^91 

WJ-i^ O.^ ^>-g-*l-7loil^ ^-Br ^M'=>] 

<20> DEXA^ Q(n"<^l ^]t]-c^ ^H] 7>:^ol ;^^^^>ji, «J-a>ai ^a>^o] ^jl, ;^1^^ 

^ ;cll^£7> ^0>A^ 2^>€ ^ ^Cf^^ ^1^^ ^3l}-4^^oll ^e) A> 
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o]^^}^ ^ ^S7<}-:£1- ^]#*V^ ^J-a1<?lt-l], ^^^^^o] 

<22> >^7lSl OCT, DEXA. ^^34 ;^1^7] «^^o] ^i^ojlJE 1:^ 

s. ^^;^m<^1 ^^*>ji ^cf. 

<23> nelM-, <^l-§-*H ^l#*>7l ^tb «<3-^<^l 

Oils It^^vjl <a^<^iAi A>-g.^ ^^s. <^i^ ti^i ^^om. <^i^^ 

^ ^7l nfl^ojcf. ^^l-¥-^<HlAi^ ^-^-s^-^l ^tb 

<24> 4e^.Ai, ^ ^1^^ >a-7l Sfl^*V7l ^€rH ^-^S.. «^>a-* 
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<25> ^^^*>7] ^ ^v.^^ #^*>7i ^tb ^■ 

^^1; -^1-71 ^^tb #'=g^<Hl ^^^>^ ^1 2 ^7] ^^^^ 

^€ ^^'^^ ifl^ # ^-^S3j<^l ^tb «-^iiHl-^:^ ^^l-tbs:]-^ 3 

<27> >a-#tb ^^1* ^ ^J-^^ £^5f ^^tb ^^Itb 
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<28> s. 1 ^ ^ ^t^o] ^-g-:^^ #^5. Al^^o^ <^c^lAli£olt:f. 

<29> ^ ^r^o] ^1^^^, >^>-g-^VS}- ^^^«^] ^-S-tb 

cflolE-ll- <a/^^^1.7] <g^.^ ^j-^l(ll). ^i-a <^1-§-*H #^*> 

^ ^^^]^^ CijolEiS.^ 7^^^^}7] ^tb W-aS 7l^^J-^l(12,13) ^ ^^-71 

Wis 7l^^J-^l(12,13)i+ ^/#^ ^J-^l(ll)» ^1<H^>J1, '^^T-^ <^1-S-^V<^ 

:£* #^*>7i ^t!- >fl^ ^«8*>^ ^>oia^ (14)* ^wmi=f. 

<30> ^7l <a/#^ ^J-^l(ll)^ H-Me], S^Bl, c]^]^ «^^^*>7] 

"^^^ €#^?flH -i-^ 5L^t!:t^. cfl-tloll i::!;^!^ olD];^] ^A-l(ji^]^^>L 
^XCCD) -J^l-S-iCCMOS) ^'H)* >^>-§-l!- ^^1^ ^]^]^] ^^^7} ^7l <g/# 

^ ^^1(11)«H1 ^L^^cf. 

<3i> >^7l^ ^1^^* f-^H, <^]-§-tb ^'SS. "^^^^ ^^^l-Tfl 

>H1>H(14)<^1 ifl^^m ^a-^^Mi '^^^ ^^KlDS- ^a^^H ^7l =^ZL 

^^Al^l^, SS.Zl^o] ^^.^ o]-g-§Vc^ #^e>7ll €l=f. 

<32> . ole]^ ^3}-^ £ 2 ifl^l IE. 7^ ^^i^H -^^l^M) cf^i). ^cf. 

<33> S. 2a ^ ^ #^<H1 nij.^ ^ri^ <^^* «<J-'S<=Hl ^tb ^^^1<^1 

^^1 £ 2b ^ tflt!: ^^Al<^] >^ 
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<34> ZL&lJi. i£ 3 ^ ^ ^^^1 i^(calibration)*]-7l ^^V^^ a]- 

-8-^^ ^^^T^]^ step-wedge) 21 ^<:^]a}£^a^, ^^5^^!^ , ^3. 

^ ji^ll:>a-4i>^> SE^ '^IS.^ ^^^) ^^'Jd 21 

<35> HElJL, S. 4 ^ 4^ ^^^fl^lsq- ^^i-Jd 

§1-ol Ad^tb ^^>^^ ^^'^g^^l ^c^lA]Holji, S 6b ^ ^ ^^<^1 tt)-^ ^^"=^^21 
tb / <^l^i2l cf^^l <^c^lAl£olT3^, j£ 7a ^ 6a 21 ^cfAl / o\]X]o] ^ 

Bfloleflii S.S.3i|-<a2l '^c^lAls.olji, xE. 7b ^ :£ 7a 21 "^^oflA^ ^-^S^lofl 21^1: 

<36> ^^i, £ 2a <H1 S-Altb W>21- ^ ^^^ollAi^ ^^^1-31^ A>^0^ ^M. 

^^A^ ci^^ ^^1^(21). ^^4r ^i-a s:?!^ ^tfltb «g 

^^?bT=f- ^<^1^ ^:iAl <^^V^ nfl, ^Aj;g-^]o] gokVp 

^ 50mAl-.A>-g-tbc1-. ^^AH cg^i-o. ^c^^ ^^^o1 <go1^ <^^^ 

^>iAd ^^>::?flui^ r1y^l^^^0.s.<i^ ^^tb4. ^'H* >^l-§-^ ^-^°11 

^ ^#^?flu|l- ol-g-«:>^ ^^.^ <^^vo. <^^^ ^o. 

33-11 



1020010025238 2001/7/1 

200PPI(Pixels Per Inch)S. *>Jl ^ ^-t^ 8-«lS iJo]^ 256^ 

Bllole)l»i^ ^t}. 

<37> H 4 ^#^7flui* ol^g^H ^^1^2|-t!- ^^-a '^^^ 

Efi^iq-. z]- oi^]ofl ^i^i-a^'^l neflolefiiss. ^^l^ 

^i=f. ^:±i>{d^^ "Bl^i^- <a-¥-2:^^ ^£ ^ -^^1 -f-^^l sIbtH 

i^^fji ^cf. i4s1-^i, "i^^ =L^]o]y^]^^ ol-§-*H #(«^)^^ 

<38> t!-^, c^^^ «]-7l, tflSS ^>iAl <^>^ 2:^0^ ^ 

^oll ^. <^'^^ n 11-71 (ZLSllole)li§)^ gflTg- ^^oflA-lo^ 

^^*>ji;<> 1- t.fl. ^^ s:?ioll si^ «^>a-^^^^ ^^^} 

<39> ^>^A1 cgAj- ^S. c^^ M.A^ ^^s. zl- ^^^oflAlo^ 

^^Al ^^5|-^>7l ^*>ol £. 3 «^1 S-Al^ tiV^f ^o] c^-^o^ cfT^l^ <^1^^^ 

i^^l^l* AV-g-tKcl-. i^^l^l^ ^MS.A-1^ ^^i^m. ^Bl A>^t!:^. 

^tiV^^^, ^i^^^fl^m 7M ?J ^^1^ ^^^>^^ ^^1^^<H1 ^^^^ 

^^s>7ll :i^^'?.ll^l^ ^f^Hl^iS] ^iAl ^^^O] ^ 

^^t!:i=l-. -¥-^7V ^^<a ^^T^l^ .^^1*11^1 SI ^tfl :^^7)l 
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^ 12iDm7> ^Si] #^^<^1 if-^ ^^^l^m '^^^ ^^^1^7> tS^I^ 

Jl^^><^ Jjcfl ^^]^ 9^<=>lr tbt^. £ 3 ol] c^]^]^ ^^<5l 40mm x 40 

mm^ ^A>z^-^o]ji ^^7} 12m9l 87l^s^ i^:^!* «cJ->^>^ T^I^^S 7> 

^^4. ^7] <^^^]^ z^- ^o]^ ^o. ^o.^«.Bl 1.5. 

3.0. 4.5, 6.0, 7.5, 9.0, 10.5, 12.0mmol.i:l-. 

^l^q- ^^1 -^^^ ^^c1-(211). i 4 ^ 

^7l ^1^^ '^g^^ 'a<^l^l-£<^lcl-. £ 5 oil >a-7i 

^^^fl^i^ ¥^1^ ^^-a ^^^-^ ^^-71 z^- zl 

♦ oj^^l-c^ ^^1 ^ib^ <^-S-# :a^t!-^-(212). -h^i^l]^]!- oj-g-^H ^^1 

::Leil<^l5|)^s^ ^7}^o] 0<=>\]^^^B\ 7]:^]t:^7} q-^o]]^ J^Leflo] ^7}^o] v^X] o 

^S. <^151^ ^^1^ Je-olfe f^S^ *>q-7> *>o]3Jll:Sj 

(tangent hyperbolic function)ol:E.^ f(t) = a + b*tanh(c*t+d) ^tfl^ ^^^n^-i- ^> 
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-§-t!:^. <^7lAi, f(t)^ zi5flol5i]i§, ^^^^flxjo^ ^TlKmm^^). a. b. c. 

s)^ sl-B^DlBlolcf. c^jjAi, tanh t=-d/c^ #^J5.S ^^tb cfl^l^ ol^cf 

. ZL^tfl, £ 5 ofl SAltl: ^^HJl^l^l ZL^lolell»i =^2}-^^ 

^ tfl^i^ oWi^. ttj-el-^i, ^VM-^ tanh <^l-§-^H ^^^>^ ^^t!: ^^-2. 

^o]B\^ ^^S. ^ <^^^ ^<^l7> Omm 7.5iiim^ ^/^l^^V^l 6 

7fl^ tflolE^S ^^^^}JL, ^ ^o]7} 4.5min^ 12.0mm<el ^^M^] 

^7] ^^ltti=f. 5l]^tf|ii-^>s.f:|E(Levenberg-Marquardt) 

*>M-^ F(t)S "L^^-cf. ^^i, t <= 4.5 i^^^Hl^i^ 

F(t) = fi(t)S *>al, t >= 7.5 ^^<^>Hfe F(t) = f2(t)S. tb^. 4.5 < t < 7.5 ^^^fl 

F(t) = x*fi(t) + (l-x)f2(t)S. '=^7lA-1, X = (7.5-t)/3^^ ^^^1^. 

F(t)^ ^7>f-=^o]7l nfl^ofl F-l(g)^ •a^la^O.S ^^€^=1-. *^7lAi. gfe 

HB^lolelliiolcl.. o];!)], <^>^^ Z]- ^-i^l ZLSllolSIl^ F(t)l- 

°l-8-*H 1^^^ Ji^t!:^^. g>=F( 12)01^ ti^SJI:* 255S.. g<= F(0)<^1^ JS.^?)!:* 
O^S., H ^^^^ 256*F-i(g)/122l ;g^«-^o.^ ^cl-. 
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<43> £ 6a ^ iL^ S^t}<^ S. 4 ^ ^a^^lAliolcf. H^^, ^7] «^ 

ol-i-t!: ^^-a :a^«>flAi^, 2:^(kVp, mA)<^l nf^- "^r^ 

^cf. 145^.^1, >az^-t!- €'=g2::?l(kVp, mA)S^ ^^o)] cfltflA^^ :a.^jL2f7]- y^^^}^ 

t\-. =L^^, <a^<^lAi A>-§-^>^ ft'^^Wjo^ ^S. ^1=^5] Jl ^^^^ 

<44> cf^-^S. £ 6a S^lt!- «>51- ^^l, ^^1^ A# 

cV(22). ^7] ^^<^^^ 37l^ 250x150 2l-^<^1 ^^^^l 

^23). 

^ y «H1 Sll^«>^ £ 6b ^ Aofl :i>^*>7fl SAl^V^cf. £ 

6b ^ Aofl^i ^^o^ o1^^ -a-#(ra(iius) B>>g-^o^ o^«-S 

aj <^^olc^.. ^aV^ ^#2]. ^^(long bone)^ ^^^^ e^V^^^ €^<^1 7> 

^cf. i4BfA^, ^^^1 ^^^*H ^^«V7lS. ^r^. S. 6b ofl £^1^ 

(^^ A) = (^^ A^ ^-^^3^0.^ tfl^l^ B) + (^^ A 

^ ^#tb C) - (^^ C» <g^2:3]^^ cfl^l^ ci-^ D)^ ^ns. 

^ tb^. S. 7a ofl £. 6a fil / '^fl^i^ ZLBflolB^l^ =S-5^^# 

S-Al^l-^cf. 7a oilA^ 7VS^ 3|-3Eolji ^s.^ ZL^]o]^]^o]t^^ s. 7a ^] 
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a/4)/. b/-c /. c /-d/^ 2]"^ / <^l^i^ ^^S^ 

3^#(ulna) -^^S^l n^^o]^. 

<47> £. 7a ^ b /-c /<^Ai. 9!^2:^<^ ^t!: M^JE.* ^:^*]-7fl " 

^ ^>-§-t!-cf. ^ >>>-§-^>fe ^j-'^^ a/4)/2)- c/-d/^ ^eflolel] 

'i SS.3X|-«a# A# ^:?> b /-c /S ifl'a-(interpolation)«M 

^<^m. ^fl^* ^^^i^ :£ 2c ofl H>S>|- :y-o] c^o^s\ 

Co + Cix+ C2a2 + C3a3 + C4a4* jxl^^^s ^^V-g-^c^-. c^jIa^ Co, Ci. C2, Cs, C4^ ^ 
^ sj-el-ulE^oli:].. ifl^^ -a-^^i^i a/4)/5i|- c/-d/<^l c-1]o1b1« ^7] 

Eflafli3lzL-pl-5^^E(Levenberg-Marquardt) 3X|^ 5i|^^o.^^ c>ls.o:|;^^ 

Lfl-a-^H m^JE.^ ^^t!:i^(232). o] 4;^^ ^^^^ ^T^^ ^el^H ^ i=1 
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6b s\ Bo\] n^o]^]^ s.^3^<u<^] n^^^. <>]^]. ^7]2\ ^-a*^^ i> 

^ #(row)S <^l-^^>^^i ;^]^t!ri=f. 

^ofl ^Ans^^^ S.^:E.* ;^171*><:>^ ^#21 ;^l^t!:^4(24). 

2l]<^Hl'a^ ^^^(<G>)* 3^^, ^7] ^^<^^ <a:<^A^ =^1(2r)^ 

^l-tt^V^ ^ ^^^l(2yP)sl ^w]:(ie)o)l ^^(co)# ^tb >^ 

<49> £. 7b «^ ;^l7lt!: HxHjolefl'i 5.^3}-^* b /~c /<^1 

S-fe- £ 6b ^ C<^1 ii^]o]^]^ S.S.3^<a«Hl ^«fl^i b /~c / 

C<^1 ^t!: neHoliHlt SS-^'S^ <G /£>fe £ 7b ^ li5|lo]e|l^ nS.s|-^o]l 

<50> 1] 
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<5i> ^7] DoflAi G /(n)^ :£ 7b s| ziefloleil^ S.S.^-'^o]jl, G /D(n)^ D<^] 

2)9\- e>^>a^^ a^^ax:]-. 

<52> 2] 



^7] (^*^^ 2)o)lAi A=(/2-b/)/(c /-b/)<^lJl. ^'^^^ ^ SiU)^ ^^dl IE}. 

€■ G/(/7) ^ G/zj(/2) ^ ^^olcf. <^7lA-l, ^1A].§>71 ^«flA-l^ DO] 

^o>o]: ^rf. ^eluj-. ^^Ai <^^o.^^ <^7l7]. ^^i. 

^^l-c}-. rq-el-A^, D7> *ll^«}-a^o.^ ^<H1 7}^x:^^ a>^^ h>^^S. ^>c^ ^ 

^S. e^MJl, zi r/=(c /-b/)/2S. ^^1^4. n&l^ >^7l (4^^^ 2)S] 

<54> [^tj-Al 3] 

< Gc> « jT^ ^Xjc) dK+ Con 
<55> .^71 (^^^ 3)ollAi co^ ^^olcf. 

<56> o]^], ^7] (^^^ 3)* ^^'^^ S.€- ^^-id /<^1 tfl*>«^ ^, O. ^ 

^ <Gc>l- cf^^l (^*j-Ai 4)sq. ^o] ^]A>^c}.. 
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<57> [^t}-^ 41 

<58> ^7] (^^^ 4)<^1>H JV-8r ^^^^ 7}^^ n^o]^. 

<59> o];(ll, (^^^ 4)^ <Gc>^ #^:£ Xl^7> ^Cf. ^7] (^tj-Al 4)^ ^ 

# ^^^'^l ^>-§-^l-7i ^^flA^^ ^X-l co# ^^*fl<^> col- ^^^^> 

^^^Hl^i. -a^a^ ^^011 ^-a'^g^^ ^^*V<^ ^7] (^^^ 4)^1 ^ 

^ <a:oflA-l 7>S-«j-^ ^711^ 1/2<H1 ^^^>^ A# 

^ -^4|<^lAi DEXAl- ol^^V §'a:£^ BMD(g/cnf ^^)* ^^^4. ^^"^ cq^ 

BMD^ <G>+co^ A>olo] least-squares fit) Si.^}7} ^±7} ik^S. 

^^91 ^^^} 200^^ i:fl>a--^S- ^ ^di 31)^ o.^ co^ 

0.23<5lt:|-. 

4% ^S-Olcf. til-^<^1, 3Z|ii;<>:?V <G> 5.§^^>^ .40%<^1 ol^cf. a|-e|-A^ , 

^ ^^<^1 ^tV -^^^ ^21-^ ^ ^ ^^^^ 
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^^1^ ^^S.^Mr ^^i^>^ ^^icf. 7]^$^ <^^V# 

vfl^tb S^^S^ ZL^Holsflig S^j^^^ ^]7]^}n^. H^JL. ffl^fil 371 ^ S.<g:«ii] Sl^ 
^BflS. 7l^n]]^](^li^^, ^, ^^S) cl^S, :5>^ cl^S. ^^>7l ^)o\] 

<63> ^t^t^ ^ ^^Hl ^ :£^^1 t!:^^.^ ^<^1 

<^H^. ^ 7l#^ AHv^ ^<>m-^l ^fe ^floflA-l c^ei 7>^1 ^ 

^^<^1 7>^*>tq-^ ^ ^xgol ^^>^ 71^^«:>>61]A-1 ^^Q^ ^1^^ 7>^ ;^Hl7ll Si 

<64> ^7]Si\. ^ ^i-a «^l-8-*H ^:^*>JL^> ^ 1^, # 
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[^^*^ 1) 

1- '^g^* <*1-S-t!- -^^S. 

2] 

^1- ^^^1 c^^^^ n^^}^ 4 5 ^ 
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